The pressure vessel of the reactor (RPV) in light water reactors (LWR) is a key component for the safe operation of a nuclear power plant, being it part of the containment of the plant and non replaceable. Its life therefore largely delimits the life of the plant.
The assessment of material ageing requires normally extensive destructive testing by using different kind of testing and samples. A non-destructive determination of the embrittlement state would extend the usefulness of the surveillance material by reducing the material used for destructive studies and would benefit surveillance programs having an insufficient amount of available test material, and ultimately allowing tests to be performed directly on the component to evaluate.
Therefore there is a need of developing techniques that allow an early detection of microstructural changes due to embrittlement. In the particular case of nuclear power plants the effect of the neutron irradiation in the beltline area of the reactor pressure vessel should be assessed. Non destructive methods capable of identify the level of irradiation embrittlement should be the most desirable. Such NDE capabilities would provide substantial early warning of component deterioration and enable utilities to optimise their operating and maintenance practices, resulting in reduced costs and increased asset utilisation [1] .
There is not only the requirement of damage detection capability, but also the need of improving the non-destructive systems in the sense of simplicity of operation, speed and accuracy of the measurement, and of course commercial prizes. Another important feature needing more research on non-destructive evaluation is the possibility of forecasting the material degradation on the basis of the actual material condition. At first instance, relationships between the ageing conditions (temperature, time, irradiation fluence, etc), the material properties and the results of non-destructive analysis must be computed. Afterwards embrittlement trend curves similar to those produced for destructive testing (i.e. those provided in the Regulatory Guides of NRC) should be developed.
MEASUREMENTS OF THE RELATIVE SEEBECK COEFFICIENT-STEAM TECHNIQUE
The STEAM (Seebeck and Thomson Effects on Aged Materials) technique developed at the JRC-IAM, is a novel non-destructive method able to detect in a simple way degradation of materials, in particular to be applied on those steels that forms the reactor pressure vessels of nuclear power plants. The STEAM device is a laboratory prototype developed with the aim of demonstrating the capability of such technique in evaluating the ageing state in alloys and steels like those utilised in nuclear power plants and reactor vessels. STEAM method is based on the measurement of the thermoelectric voltage generated by the Seebeck and Thomson effects taking place in the material under test [2] .
The STEAM measuring system consists on two copper blocks, on top of which the specimen to measure is placed. This makes the inhomogeneous circuit. When one of the blocks is being heated there exists a temperature difference (AT) between the two sample's tips. This causes the thermal flux across the specimen and therefore the Seebeck and Thomson effects. See Figure 1 . 
Figure 1. STEAM Measuring Device
By means of a nanovoltmeter, connected to the ends of the circuit, the thermoelectric tension (mainly caused by the Seebeck effect) can be measured. The AE values range in the microvolt scale BV. So that this nanovoltmeter acts as an amplifier, and the AE signal is multiplied by a factor of ten, to reach the required accuracy. The applied AT is measured in millivolts (mV) by a thermocouple, and is monitored using another nanovoltmeter. The Relative Seebeck Coefficient, AS, corresponds to the slope of the AE -AT curve.
The analog outputs from the two nanovoltmeters are connected to a data acquisition system, which allow carry out the subsequent operations i.e. data recording and analysis by using a personal computer.
The surface condition of the test specimen is important for the measurements with the STEAM technique. STEAM results can be influenced by variations in contact surface cleanliness, foreign materials (such as decals), and the uniformity and condition of paint or other surface coating. A good practice is to clean the surface and remove or strip poorly adhering coatings (if present) to eliminate for example corrosion layers. This will allow uniform heat transfer into the sample and will also produce a reasonably uniform AS. Although it is not crucial, an isothermal and stable environmental conditions (no air currents or turbulence) in the area of the device is desirable.
The operation of the STE.MVI device is easy and rather quick, the copper block with a higher temperature can be already heated at the required temperature and then the testing of one sample takes around two minutes. The output measurements are, in general, stable and repeatable.
The STEAM laboratory prototype has demonstrated a high potential in materials damage evaluation [3 ] . At the JRC-IAM the capabilities of the STEAM technique to assess thermal ageing, irradiation embrittlement, and material's properties recovery after annealing treatments have been proved [4] .
MEASUREMENTS OF RESISTIVITY-REAM TECHNIQUE
During the year 2000, a system named REAM focussed on the measurement of the electrical properties (resistivity) of the material has been design and developed to assess non-destructively the embrittlement state of steels.
A first prototype device has been built, and preliminary tests on irradiated materials have been conducted. Using the REAM technique the irradiated Model Alloys were also tested, the results are very promising as they show the capability of REAM in following the irradiation-induced changes on the material' s properties.
PERFORMANCE OF STEAM AND REAM ON IRRADIATED MATERIALS

Materials
The material tested with the STEAM and REAM technique consists on MODEL ALLOYS offered by Kurchatov Institute, which are covering a large spectrum of ferritic steels with parametric variation of Copper, Nickel and Phosphorus, known to play a significant role in material characteristic and degradation.
In origin the alloys followed the same heat treatment: quenching at 980-100 °C, oil cooling, followed by tempering at 650-670 °C, during 1 Oh, and then cooled in air.
This material was machined as miniaturised Charpy specimens (3x4x27 mm) and fully characterised (Charpy impact test, hardness STEAM and REAM) at the JRC-IAM [5] . Afterwards the model alloys were irradiated in the HFR, at Petten (The Netherlands), in the LYRA irradiation rig designed for the AMES European Network irradiation programme [6] . Details about the irradiation history are given in the Table 1 . 
Results
For this study a set of 32 model alloys, covering a wide range of variation of content regarding the P, Cu and Ni elements, was selected. The Table 2 shows the Cu, Ni, and P contents as well as the grouping criteria used in the data analysis. 
STEAM Measurements
The main objective of this analysis is to determine weather the STEAM technique is capable to detect the material degradation due to irradiation. It is observed that in most of the alloys irradiation increases the Relative Seebeck Coefficient value (AS or STEAM for easier understanding), so this difference between STEAM on fresh and irradiated can be correlated with the transition temperature shifts (ADBTT). On the basis of the major importance of Cu and Ni content on the irradiation embrittlement, the analysis was divided in sub-groups as a function of the Ni content, taking Cu and P as independent parameter, as described in the Table 2 .
In Figure 2 , Figure 3 and Figure 4 the existing correlation between ADBTT and the Relative Seebeck Coefficient value change (ASTEAM = STEAMirradiated -STEAMfresh) due to irradiation can be observed. This is done for the subgroups of: very low, medium, and high nickel content on the selected alloys. For the remaining sub-groups not enough points were available to perform a regression analysis. 
REAM Measurements
It was found that resistivity generally diminishes with neutron irradiation, as it is shown in Table 3 This can possibly by justified by the microstructural changes occurring with irradiation, leading to the formation of copper rich precipitates which exhibit lower resistivity. This "bridging" in most alloys prevails on the lattice damage determined by formation of vacancies and interstitials.
The direct correlation of the resitivitity changes with the Charpy transition temperature shits is however not straightforward. Figure 5 and Figure 6 show a plot of the two parameters, respectively for the Nickel rich and Very Low Nickel groups, which proved to give interesting trends with the STEAM technique. More difficult is the Very Low Nickel case of Figure 6 , where the low number of results doesn't allow to draw meaningful conclusions.
New parameter
An interesting parameter was introduced combining the results of the two above described techniques, that is the ratio S/p between the relative Seebeck coefficient and resistivity, which has dimensions of a current per unit length and temperature.
Though this parameter needs further investigation and validation, it is the logical and physical link between two phenomena strictly related to each other, giving a quantification of the availability of conduction electrons when applying a driving force. The Seebeck effect is indeed the response of the material to a temperature gradient, while resistivity measurement require the application of a voltage difference.
Just like the two separate measurements, the ratio is sensitive to the microstructural changes induced by neutron irradiation, in a even more pronounced way, as it can be seen in Figure 7 . The most interesting fact is moreover that the good correlation obtained is valid for most of the Model Alloys treated at the same time, without distinction according to Ni, Cu and P levels.
The applied regression curve is a second order polynomial, with a 60% Pearson coefficient showing a sensitive correlation between S/p and TT shift.
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CONCLUSION
It is confirmed the existence of a relationship between the observed ASTEAM, when comparing fresh and irradiated steels, and the changes in the mechanical properties due to irradiation. As for this study the irradiation parameters were the same for all the model alloys, as described above, the shifts in the transition temperature and in the Seebeck coefficient can be related directly to the alloy's chemical composition in particular the content of copper and nickel. According to what was previously exposed in this paper, the STEAM technique can be use as a non-destructive technique to assess and monitor materials ageing. This involves the evaluation of thermal ageing and irradiation damage in alloys and steels, such as those employed in nuclear power plants.
The application of resistivity measurements is also promising for some groups of model alloys. A new parameter combining the measurement results obtained with the two techniques, STEAM and REAM, is presented and validated at a preliminary stage.
The results arising out of this research will help the development of non-destructive techniques, like STEAM and REAM, to assess RPV embrittlement state. Further studies, like influence of the steel's electrical properties (e.g. resistivity) on the STEAM measurement, influence of the irradiation fluence and temperature are foreseen to achieve a complete development of the electric properties based techniques.
FURTHER DEVELOPMENTS
At this stage two main research lines are proposed for the STEAM and REAM techniques. In first instance, the available STEAM laboratory prototype needs to be modified and optimised in order to produce an industrial prototype. The laboratory device can be made portable for on-field direct measurements on components and structures. Future developments should focus on the following aspects:
Q The mechanical handling in order to allow an easy and safe use to perform measurements on field, and over a wide range of industrial steel types. This can include the automation of the device to scan components. Q The measurement and data recording system in order to document the accuracy, backflash, and repeatability of the measurements over the full range of operation. In the second research line, a new prototype of the REAM system is being designed in order to improve the accuracy of results and the accomplishment of the ASTM standards for the determination of the electrical resistivity of metallic materials. This new REAM will allow the evaluation of a wide range of materials with different dimensions.
